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ABSTRACT
Chrome cuttings represent approximately 10% of the 
original protein in by-product raw hides of the meat 
industry. This multi-dimensional study was designed to 
develop process refinements for increasing glue and gela­
tin yields from such cuttings. The effects of altera­
tions in controlling variables of the conventional extrac­
tion process were determined on yields. The results of 
such process modifications as high and low-pressure 
extractions, increased levels of dechroming and extended 
acid-soak of chromestock prior to liming were also deter­
mined. An appropriate conversion-factor was developed 
for estimating moisture and ash-free finished yields 
directly from total amounts of Kjeldahl nitrogen in ex­
tracted liquids. Scanning electron microscopy (SEM) 
was used to detect differences in individual collagen 
fibers and the fiber matrix resulting from various treat­
ments aimed at increasing extraction yields.
Different concentrations of borax, sodium hydroxide, 
disodium EDTA, Rochelle salt, acetic acid, tartaric acid,
viii
oxalic acid and sulfuric acid were used in continuous flow 
to effect as much as 85-87% dechroming, which in turn in­
creased proteinaceous extraction yields by 25-35%. A 48- 
hour exposure of chromestock to 3.5 N HC1 prior to standard 
extraction also resulted in a 14-19% increase in yield.
Use of HC1 in this dual processing was found suitable for 
increasing conversion of collagen to gelatin by virtue of 
lowering shrinkage temperature of fibers, and also 
resulted in an extensive hydrolysis. When samples of 
chromestock were cooked under 15 psi pressure, extraction 
yields decreased progressively with cooking time (10-25%), 
but when cooked under low pressure at 180*F, yields increased 
by as much as 18%. Precooking under pressure (15 psi) 
followed by vacuum extraction (180°F) increased yields 
14-39%, depending upon length of treatments.
Gamma-irradiation of chromestock resulted in decreased 
nitrogen solubilization from collagen (at levels of 10®-
710 rads) to the extent of 5-9%, while doses in the range
4 5of 10 -10 rads did not affect yields appreciably. These 
lower yields are attributed to possible cross-linking 
among the protein fragments and perhaps to coagulation. 
Individual chrome-tanned fibrils of the chromestock 
appeared fused when examined under the SEM after receiving 
such heavy doses of radiation. The SEM also clearly 
showed swelling, dissociation of fibrils into thinner 
filaments, and the appearance of slimy, ill-defined masses
ix
of gelatin in heat treated eamplea. Microbial degrada- 
tion of chromestock, as measured by increases in soluble 




Hides are important by-products of the meat industry 
and have been used since ancient times for the manufacture 
of glue and gelatins. Due to increased commercial 
demands, the traditional cottage industry has been re­
placed by mass production techniques. However, the basic 
procedure of hide-extraction remains essentially the same 
as used by the ancient Egyptians.
Protein fibers such as collagen and elastin undergo 
hydrolysis when subjected to heat and other physical or 
chemical reactions. It is theorized that in the process 
of gelatinization water hydrolyzes the fibers and disrupts 
their orderly arrangement, forming glue and gelatin.
Glue is impure gelatin and any glue possessing suitable 
strength and appearance may be termed gelatin, although, 
it must meet stringent quality standards to be used as 
food. In the food industry, use of collagen has already 
been made experimentally in the development of such 
products as edible gelatin, sausage casings and amino 
acid concentrates. Glue and gelatin are also essential 
to the production of various other related products.
There are many types of gluestocks quite different 
in character of proteins and the methods of preservation. 
Chrome tanned leather is one and accumulates abundantly 
as millions of pounds of chrome-splits, chrome-shavings
1
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and chrome-trimmings in the plants of tanners and leather 
goods manufacturers. A rational treats*nt of such wastes 
has become more imperative because of the present day need 
for a greater economy of natural resources. Thus, the 
development of innovative process-designs for efficient 
recovery of proteinaceous dissolution products of edible 
quality from chrome waste might help provide nutritional 
benefits for the present-day protein-hungry world.
Production statistics from manufacturers engaged in 
extracting chromestock indicate that more than half of 
the extraction potential remains unrealized. Furthermore, 
the final residual material from extraction is discharged 
as high strength effluent, constituting a heavy pollution 
load. Failure to efficiently extract protein has a two­
fold detrimental effect on the economy of the industry: 
large quantities must be handled; and larger quantities of 
waste-effluent must be treated and disposed. Because 
increased proportions of energy and labor are required in 
processing, the handling of larger quantities of raw 
material increases the cost of production.
In order to gather information useful to the success­
ful utilization of chrome wastes, this investigation was 
designed with the following objectives:
(a) to compare the beneficial effects of various
physico-chemical treatments in increasing overall 
yields of dissolution products of collagen in
3
chrome waste, and to optimize conditions of 
the treatments, so as to improve quality;
(b) to observe physical changes through the use of 
scanning electron microscopy (SEM) in the state 
and orientation of collagen fibers following 
various treatments; and
(c) to explore avenues for use of residual material 




Leather and glue both have a history of long use by 
mankind. Leather's origins are rooted in prehistoric 
man's first use of untreated wild animal skin as clothing. 
As methods of preserving raw skin developed, leather, as 
we know it, emerged. Bas-reliefs from ancient Egypt dating 
back to 4000 B.C., depict leather-makers at work, indi­
cating that leather processing, probably with vegetable 
juices, was known at that time. One of the oldest 
formulas for tanning comes from ancient Babylonia where 
raw animal skins were treated with alum, gallnut, myrrh 
oil, and sumac to make them durable.
It might be conjectured that the discovery of glue 
grew out of the keen observation of the incidental fact 
that stews, especially those containing bones or skins, 
yield a sticky solution and gelatinize when cold. Such 
observations led to the preparation of glue from leather 
several millennia ago, evidently antedating even the 
Exodus, at which time the Egyptians were using animal glue 
to fasten joints in wooden boxes.
Glue and gelatin, like most other commodities of early 
days, were produced by individual artisans for their own 
use, and even today, a few paper and textile mills boil
4
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their own glue size from raw-hide cuttings. Even with these 
somewhat primitive methods, the glue and gelatin industry 
emerged at the beginning of the 19th century. During the 
Napoleonic era, extravagant claims as to the food value 
of gelatin helped foster the newly developing gelatin 
industry. Ironically, this widespread use of gelatin in 
Europe probably contributed significantly to the nutri­
tional mediocrity of the period, due to extremely low 
tryptophan intakes.
According to Alexander (1), no exact information is 
available about the glue-manufacturing industry of the 
United States before 1860, though reports are that many 
tanners boiled their own stock in open kettles outside 
regular glue manufacturers. The principal factories were 
near Boston, New York, Philadelphia, and Marblehead 
(Massachusetts). The Census of 1880 showed that there 
were then 8 2 plants producing glue as a principal byproduct.
Ausonius used the word "glue* to denote the sub­
stance that draws together. Allied to the Latin word 
"gluten" and "glutus" it connotes "tenacious". The word 
"gelatin" comes from the Latin word "gelare", meaning to 
congeal. To avoid similitude, gelatin is essentially that 
which gelatinizes. In the area of gelatin manufacture and 
research, it is used to describe all the products from 
mammalian collagens which exhibit a characteristic sol-gel 
reversible change with temperature when dispersed in
6
sufficient concentration in water. It also may be con­
sidered to cover similar products of other vertebrate 
collagens including fish gelatins, where the ability to 
form gel is less marked (37). Any animal glue possessing 
suitable appearance and strength may be termed gelatin, 
although, of course, all gelatins are not suitable for 
food purposes. Animal glues are organic colloidal 
substances of varying appearance, chemical constitution and 
physical properties, obtained by boiling skin and bones 
in water (1).
Adhesive and Other Properties
Animal glues are used as adhesives for wood (such as 
plywood), and for paper and textiles. Other miscellaneous 
applications of animal glue include manufacture of 
matches, printers, rollers, electrolytic refining of 
metals, electroplating, for insecticides and for stabiliz­
ing foam in foam fire extinguishers, etc. Animal glues 
are also in demand for uniform chipping of glass surfaces. 
Carpets and curtains are heavily loaded with glue and 
cotton goods are generally treated with dilute solution of 
glue or gelatin in order to stiffen them. Sized papers 
are made with a final coating of glue. There are also 
other important uses of animal glues in conjunction with 
other chemicals, such as, in quick precipitation of
7
materials which settle very slowly from suspension and in 
rendering fibrous materials impervious to oil, grease and 
hydrocarbons, etc. (40) .
Skin and Collagen
In leather manufacture the skins of mammals such as 
oxen, cattle, buffalo, sheep, goats, and swine form the 
main raw materials, but sometimes those of kangaroo, 
camel, marine animals and reptiles are also processed. 
Although "hide" and "skin" are synonymously used in every­
day life, for a tanner the term "hide" applies to the 
pelts of larger animals and "skin" to those of smaller 
animals.
A simple definition of collagen is given as "that 
constituent of connective tissue which yields gelatin on 
boiling". Interestingly, this definition reflects the 
etymology of the word, which is taken from French 
"Collagene", the root of which is Greek "Kolia" meaning 
"glue", "gine" being taken in the sense of "producing”. 
Collagen is a major protein of cattle hide and the solid 
matter of the corium of the hides and skins consists of 
90*951 collagen. Thus, it is a raw material for leather 
and also serves as parent protein source for glue and 
gelatin (14).
Collagen in its various modifications is the major 
protein constituent of not only a wide range of vertebrate
8
but also of invertebrate species and it occurs in such 
diverse tissues as bones, skin, tendon, cornea and base- 
ment-membrane. It has not, however, been shown to be 
present in unicellular organisms (30).
In commercial processing, defleshed cattle hide is 
generally soaked in a lime solution to remove the hair and 
is then sliced into two layers or "splits"— an outer or 
"grain split" and an inner of "flesh split". The "grain 
splits" are used to make leather and the "flesh splits" 
are used to make suede leather, as well as collagen for use 
in the manufacture of sausage casings. In recent years, 
commercial production of food-grade collagen has been 
possible for use as extenders, binders, moisturizers and 
texturizers in foods and for use in making sausage casings, 
packaging films and animal feeds (6 ).
Gelatin and Glue
Gelatins are a class of proteinaceous substances that 
are not found in nature but are derived from the parent 
protein, collagen, by any of a number of procedures in­
volving the destruction of the secondary structure of the 
collagen, and in most cases, some aspects of primary and 
tertiary structures as well (46) . These are water-soluble 
products of the dissolution, disorganization or degradation 
of water-insoluble collagen fibers. More specifically, 
the collagen-gelatin transition is the process whereby
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highly organized, quasi-crystalline, water-insoluble 
collagen fiber is transformed from an infinite, asymmetric 
network of linked tropo-collagen (TC) units to a system 
of water-soluble, independent molecules with a much lower 
degree of internal order. Since there are many paths by 
which disruption of the original structure of collagen 
may be accomplished, equally many varieties of gelatins 
must be expected (46) . However, the soluble products 
which are responsible for gelation and result from partial 
breakdown of different tissues appear to resemble each 
other more closely than do the tissues from which they 
are derived. Such soluble derivatives, when light in color 
and clear, are called gelatins (14) . Gelatin is the first 
degradation product of collagen. Sokolov (41 ) obtained 
radiographs and corroborated earlier suggestions that the 
conversion of collagen into gelatin involved an intra­
molecular rearrangement. During hydrolysis of hide protein 
by cooking or heating in water, the three protein strands 
that are twisted together (in the collagen molecule) are 
gradually separated into three individual gelatin 
molecules. The thickness of tissue, pH, temperature and 
size of the aggregate influence the actual time of hydro­
lysis (28). However, continuous boiling beyond the optimum 
point produces thermal denaturing which degrades the useful 
properties of gelatin and renders it less valuable for all 
technical purposes. In thermally denatured gelatin.
10
intramolecular changes occur with the resultant formation 
of ring structures in place of the chain characteristic 
of unprocessed gelatin and there is an increase in the 
porosity of gel in case of denatured gelatin (42).
While water itself will hydrolyze collagen, the most 
commonly known and most rapid chemical hydrolytic agents 
are: sulfuric acid, hydrochloric acid, lime water and
caustic soda. On the other hand, if conditions, particu­
larly pH are suitable, various enzymes, e.g., trypsin and 
pepsin are found to have the power of breaking down colla­
gen and gelatin. Thomas and Seymour-Jones (4 4) showed that 
trypsin would effectively hydrolize collagen even when 
the latter is not swollen with either alkali or acid.
The steps involved in the conversion of collagen to 
gelatin, during the pre-treatment and subsequently during 
the extraction with hot water, have been summarized by 
Ward (49).
The properties and reactivity of both gelatin and 
glue are the same, but certain differences separate glue 
from gelatin, e.g., animal glues are dark in color and 
turbid. Although both products exhibit similar adhesive 
properties, these are usually regarded as being associated 
with glues (which contain more impurities) than gelatins 
(14) .
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Structural Organization and Chemical Aspects of 
Collagen
The collagen fibrils in skin are mostly cylindrical 
in form and appear of great length an important factor in 
determining, together with their organization, the tensile 
strength and other physical properties of the dermis and 
the leather produced from it. In densely packed regions, 
the fibrils also assume hexagonal shapes indicating that 
in the living state they can undergo a certain amount of 
deformation (34).
The overall collagen structure may be developed by 
taking three polypeptide chains, each having a molecular 
weight of about 95000 (32), and setting them parallel so 
that, viewed from above, the axes form the vertices of an 
equilateral triangle with sides about 5 X in length. The 
three chains are related by a threefold screw axis running 
up and through the center of the group. In this structure, each 
three-residue repeating element is hydrogen-bonded to each 
of the other chains via one hydrogen bond, contributing an 
N-H to one bond and a C-0 to the other. Viewed end-on, 
the interchain hydrogen bonds form the sides of the equi­
lateral triangle mentioned above (2 0 ).
Each collagen molecule overlaps its neighbors for
roughly three-fourths of its length. Most dermal collagen
ofibrils have a uniform width of about 1000 A. Fibril
12
width also depends on tha age of the animal. In many 
mammals, it appears that the width is determined more by 
the degree of maturity than by the final size of the 
animal (34). The tissue from older animals usually contains 
more collagen than that from young specimens; and also 
the degree of orientation of the collagen structure tends 
to increase with age 0.9 ) .
The reactivity and various properties of fibrous 
proteins like collagen are primarily governed by their 
chemical composition with due regard to the organization 
of the protein structures. This fact is clearly brought 
out by comparing collagen and its secondary product gelatin; 
these differ markedly with respect to their physical pro­
perties , despite their practically identical chemical 
composition. The different degrees of organization of 
the peptide chains and the higher units account for the 
difference between collagen and gelatin (25).
Peptide chains of the fiber proteins are more or 
less extended in parallel. The fibrous proteins and high 
molecular peptides are classified according to their X- 
ray diffraction diagrams and their infrared absorption 
spectra (8 ) into three groups: alpha-proteins, with
folded polypeptide chains, keratin being the best-known
member; beta-proteins, with fully extended chains, 
silk fibroin being the classic example; and the collagens 
which have as a common characteristic a main axial period
13
at 640 £ in the small angle X-ray diffraction diagram, and 
in electron micrographs. The collagen family is sub­
divided into cross striated structures, represented by 
collagens from the vertebrates, particularly the mammals, 
and the non-cross striated structures which are present
in collagens of the invertebrates, such as in earthworm 
cuticles.
The structural homogeneity of collagen has been much
discussed since the early suggestion by Bear (10) of
oalternating ordered and disordered 30-50 A regions along 
the molecule.
The marked difference in the physical properties of 
collagen and gelatin can be accounted for in the varied 
degrees of organization of the peptide chains and higher 
units. The collagen units are arranged in parallel, 
stabilized by the valence forces between adjacent peptide 
chains. In the conversion of collagen to gelatin, some 
of these cross-links are broken, resulting in shortening 
and disorganization of the protein chains. In ordinary 
collagen, hydrogen bonds are formed mainly between the 
protein chains, whereas in thermally contracted collagen, 
the hydrogen bonds are visualized as interchain links (21). 
An outline of the twined triple chain unit in collagen 
can be visualized in Figure 1.
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Figure 1. Outline of Triple-Chain Unit in Collagen
Chemistry of Collagen
The literature on collagen is filled with conflicting 
terminology relating to "native" collagen and its various 
forms and degradation products, ranging from Seatabard1s 
"parent gelatin" (38) through Orekhovitch*s "procollagen" 
(31) and the English "extracted skin" (33) to the new 
"parent gelatin" described by Gallop (17) . The confusion 
and diversity of results seem to indicate that collagens 
originating in different tissues are not identical in 
physical fine structure, in degree of cross-linking, or
15
•van in amino acid content. Indeed# collagenous proteins 
originating in the same tissue, e.g., insoluble skin 
collagen and extracted skin collagen, are not identical 
on several counts, both physical and chemical (46).
Over the past 30 years, the most used criterion for 
collagen has been the presence of the characteristic X- 
ray diffraction pattern, enabling the rapid detection of 
collagen in the tissue of most multicellular animals. The 
fibers of the skin collagen, however, may be recognised 
histologically also, since they are usually white in 
appearance, stain easily with weakly acid stain, do not 
take up silver stains, swell markedly when immersed in 
acid or alkali, are mostly insoluble in neutral solvents 
and are more resistant than most fibrous proteins to 
degradation by proteinases, but are readily attacked by 
collagenase. Collagen fibers are generally inelastic and 
shrink to about one-third of their original length at a 
certain temperature (the shrinking temperature). Pro­
longed treatment at temperatures above the shrinkage 
temperature convert considerable amounts of collagen fibers 
into soluble gelatin, whereas they react with tanning 
(cross-linking) agents to form leather (34).
Reed (34) analyzed a large number of collagen samples 
from connective tissues of vertebrates for their 
amino acid contents and found that it may be unsound to 
use the content of any one amino acid as a guide.
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Considering a general distribution of some suitable type 
to classify a protein as collageneous would perhaps be 
more advantageous. The composition of vertebrate collagen 
is generally seen to correspond to the following pattern: 
one-third each of {a) glycyl residues, (b) imino acid 
residues, and (c) alanyl and other residues, which suggest 
a major repeating unit or sequence of the type described 
by Reed (34): "glycine - imino acid - any other residue, 
especially alanine".
Many chains in collagen are also based on different 
sequences of amino acid residues. Chapman et al. (11) 
provided detailed support, through NMR, for the occurrence 
of the (Gly-Pro-Pro)n conformation in collagen. Earlier, 
Andreeva, _et _al. (4 ) were able to show that the polymer 
(Gly-Pro-Hyp)n also closely resembled collagen in its 
optical rotation, infrared spectrum and X-ray pattern. In 
their review, Traub and Piez (45 ) referred to a number of 
other polypeptide sequences, such as, (Gly-Pro-Ala)n, 
(Gly-Hyp-Hyp)n and (Gly-Pro-Lys)n which give collagen-like 
X-ray patterns. A few of the larger peptides, which may 
contain 40-70 amino acid residues, have been subjected to 
sequence studies and, although the latter are only in their 
early stages, it is clear that there are chain regions 
which are relatively rich in imino acid and non-polar 
amino acid residuest these are separated from similar 
regions by others which are relatively rich in the polar
17
and ionizing (acid and basic) amino acids. Glycyl resi­
dues appear in every region, showing that glycine is 
commonly and evenly distributed along the collagen chain.
To understand many of the chemical reactions of 
collagen, it is important to get an idea of the distribu­
tion of amino acid residues along the collagen chains, 
such as local regions of polar and ionizing residues 
separated by long sequences of imino and non-polar resi­
dues. The thickest parts of the fibril correspond to the 
more amorphous regions where the chains are not so regular­
ly packed, whereas the interband regions are the more 
crystalline parts of the structure where the chains are 
packed in a more regular fashion. Ionizing groups in 
collagen help to determine the acid-base behavior and 
lead to swelling of protein at certain pH's. The forces 
of swelling lead to a general loosening of the fiber net­
work layer and to the splitting of the larger collagen 
fibers.
Mechanism of Collagen Conversion to Gelatin
The dissociation of the polypeptide chains of collagen 
by thermal or chemical processes leads to various products 
termed gelatin.
The detailed nature of the pathway by which connective 
tissue proteins (collagen) are converted into soluble
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gelatin has been an open question for many years. Rela­
tively little is known about the mechanism of this impor­
tant transformation. Theoretically, gelatin can be ob­
tained simply by heating collagen with water. However, 
this yields a very poor-grade material. The collagen 
is treated either by alkaline or acid process to obtain 
a high gel-strength and high viscosity material.
Ward (47) has outlined the following principal 
changes that are known to occur in the alkaline (liming) 
process:
(a) many impurities are removed such as non- 
collagenous proteins, mucopolysaccharides and 
salts;
(b) amide groups are hydrolized with subsequent 
increase in the numbers of carboxyl groups;
(c) some terminal amino groups are freed, indicating 
a small degree of hydrolysis of peptide chains; and
(d) there is a swelling of the collagen which in­
creases with the duration of the liming treat* 
ment.
Estoe (13) has pointed out that there is no indica­
tion of any change in the amino acid composition except 
those resulting from the removal of impurities..
Ames ( 2 # 3 ) found out that there is little differ­
ence between the total nitrogen content of untreated 
collagen and exhaustively acid-treated gelatin. All
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changes detected can be ascribed to the loss of amide 
nitrogen. Ferry (15) assumed that the process of ex­
tracting gelatin dissociates the collagen structure by 
separating the polypeptide chains and breaking them into 
shorter segments.
The forces which hold the gelatin polypeptide chains 
together in the form of collagen fibers may be of three 
types; strong covalent bonds, electrostatic bonds arising 
from the polar groups in the molecule, and hydrogen bonds. 
They are responsible for the organized structure which 
produces a crystalline pattern by X-ray diffraction fe 1 )• 
The liming operation may cause a partial break-down of 
peptide-linkages and a partial fission of covalent links 
between the chains. The next stage, i.e., the cooking 
operation, causes a further breakdown of cross-linkages 
followed by solution ( 49).
The stability of the multistranded collagen molecule 
breaks down in the collagen-gelatin transition and can be 
detected at various levels of structural organization.
Thus, the so-called "thermal shrinkage" phenomenon has been 
recognized as a characteristic property of collagen for 
many years and recently shown to be a macroscopic mani­
festation of the molecular collagen— gelatin transformation 
(L6 ). The shrinkage temperature of collagen is very much 
affected by interaction with various small molecules, in­
cluding electrolytes and non-electrolytes, acids, and
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bases, tanning agents, etc. (20) .
In cooking, the molecular lattice of the fiber melts 
and the chain molecules, which in natural fibers occur in 
the extended state, coil up. This happens because the 
fiber molecules can not remain extended for thermodynamic 
reasons. If cooking is extended, the polypeptide chains 
are broken into shorter and shorter lengths and the 
characteristic properties of gelatin are lost (23) •
Gelatin is also extracted by an acid extraction pro­
cess which involves soaking skins in dilute acid, followed 
by extraction with warm water at an acid pH. In this 
case, the gelatin is not deaminated (12) and an iso­
electric point of about pH 9.0 is obtained for the 
resulting product.
Generally speaking, acid extracted gelatin exhibits 
fewer N-terminal residues per unit weight than does alkali 
processed gelatin, but it is clear from the works of 
Courts (12) that some degradation of the gelatin chains 
occurs during the steeping operation. But, a more pro­
longed acid treatment of the precursor results in the 
removal of a proportion of the amide groups indicated by a 
fall in the iso-inoic point to pH 6 to 8.0 (36). Veis 
and Cohen (46) concluded that the acid dissolution data 
suggest that collagen fibers break apart into more or less 
discrete units, depending on the pH of the extraction. 
Also, the behavior of the subsidized collagen obtained by
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mild treatment is not that of a typical gelatin. The 
proteins extracted during more drastic acid degradations 
are distinguished from the first products of mild degrada­
tion by their higher iso-electric points, overall acid- 
base titration curves, lower average molecular weights and 
their behavior in mixed solvents (alcohol-water and acetone- 
water).
Relationship Between Composition of Collagen and Gelatin
It is generally agreed that composition of gelatin 
(see Appendix) is very similar to that of the colla­
gen from which it is derived (13, 16). Since insoluble 
collagen is commercially converted into gelatin in 80-90% 
yield, the gelatin could be expected to represent the bulk 
of collagen in the majority of tissues. Impurities 
in insoluble collagen which fail to dissolve during 
treatment with hot water do not contribute to the amino 
acid composition of the extracted gelatin.
Estoe (13) pointed out three main differences between 
the composition of gelatin and parent collagen super­
imposed upon an otherwise close similarity:
(a) When the collagenous material is treated with 
alkali before the extraction of gelatin, the 
latter has a reduced amide nitrogen content 
compared with collagen. Gelatin, extracted 
after a short acid pre-treatment, contains 
systematically all the amide nitrogen of the
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original collagen, while more prolonged acid 
treatment hydrolyzes a proportion of the amide group.
(b) There is a slow conversion of arginine side 
chains to orthinine upon treatment with alkali. 
The pre-treatment conditions for this gelatin 
are usually prolonged and severe (three to four 
months in cold lime-water). The ox hide gelatins 
prepared in such conditions had a maximum of 
0 .2% ornithine corresponding to conversion of 
approximately 3% of the arginine. Acid pre- 
treatment does not bring about this conversion.
(c) There is a less definite tendency for gelatin to 
contain slightly larger amounts of collagen does, 
of those amino acids (e.g. alanine, glycine, pro­
line and hydroxyproline) which are present in 
large amounts in both gelatin and collagen.
On the other hand, collagen has 
slightly larger amounts of several of the rarer 
amino acids units (e.g. leucine, isoleucine, 
phenylalanine and tyrosine).
Such differences may be assumed to be due to the fact 
that most preparations of collagen contain a small propor­
tion of protein impurities, some of which may dissolve 
in the pre-treatment liquors, while others remain un- 
dissolved even during extraction.
Alkaline pre-treatments would certainly be expected 
to reduce the contents of glycoproteins and mucopolysacch­
arides, and in this sense produce a product with greater 
purity (14).
Hide and Leather
Delimed pelts which are the outcome of the pre-tannage 
operation in leather manufacture are raw animal materials;
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soft and pliable when raw and stiff, translucent and quite 
useless for most of the purposes of leather when it is 
dried. Also, it will rapidly putrefy at ambient temperature 
when moist. The goal of leather-making, therefore, is to 
make pelt durable, soft, porous, and opaque when dry, while 
retaining these properties, together with good dimensional 
stability over a wide range of physical and chemical condi­
tions, e.g. extremes of pH value, temperature and relative 
humidity. To bring about the conversion many processes are 
needed, of which the most important is that of "tanning”.
Leather consists of collagen in irreversible combina­
tion with certain substances of quite different chemical 
composition, collectively classified as "tanning agents". 
Leather-formation leads to increased stability of the 
protein lattice and a higher degree of organization of 
collagen, when chrome-tanned, collagen is made completely 
resistant to tryptic hydrolysis (19).
Gustavson (19) observed that collagen weave offers 
different spatial configurations in the form of macro, micro 
and molecular units to an interacting agent, such as, 
tanning agents. The amino acid pattern largely affects 
the chemical and sterical possibilities of interaction 
between adjacent polypeptide chains; and the number and
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strength of the cross-linking bridges formed. This, in 
turn, controls the degree of hydrothermal stability of 
collagen.
The cross-linking function of a tanning agent is 
demonstrated by increases in the molecular weight of the 
protein. Weir (50) assessed the effect of chromium salts 
in tanning and found that only small amounts of chromium, 
less than 1% C^O^, on the basis of collagen was sufficient 
for maximum increases in these fundamental thermodynamic 
quantities, i.e., activation constants. Gustavson (18) has 
emphasized that probably only a small part of the amount 
of chromium introduced into the collagen structure takes 
part in the stabilization of collagen, the main part being 
the dead weight required for introducing the small amount 
of chromium necessary for the formation of the effective 
cross-links in the few intermolecular spaces available . 
Thus, chromium salts occupy unique positions as tanning 
agents.
Extraction of Glue and Gelatin from Gluestock: Liming
ancf Swelling
The process of extraction or cooking is impeded and 
the quality of the resultant glue impaired unless the 
protein matter is properly swollen. Liming in appropriate 
conditions is conducive to one of the two most prominent 
physical properties of collagen— the swelling property.
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It is also important in solubilizing by hydrolytic 
action certain of the proteins such as mucins, 
albumins, globulins, etc. which can later be removed 
by washing (40).
Since most mature collagen fibers of mammalian 
origin do not dissolve without treating, the addition 
of acids, bases, neutral salts and other lyotropic 
agents brings about alterations in fiber length, thick­
ness and weight that are easily observable. As the pH 
is raised above 9 or brought below 4.7, the hide pieces 
take up water and stiffen. Liming shortens the non­
swelling pH range and heightens the swelling maxima in 
both basic and acidic regions (46)•
It is important to note that in the fibrils two 
types of swelling occur, namely, osmotic swelling and 
lyotropic swelling. The osmotic swelling in solutions 
of acids and bases is associated with the strongly ionic 
groups and their charges. The fibers decrease in length 
but increase in diameter. On the other hand, however, 
the lyotropic swelling is due mainly to interactions of 
ions and molecules with the protein with nonionic bonds, 
probably crosslinks of the hydrogen bond type. Here, 
only the width of the fibers increases as a result of the 
decreased cohesion and the separation of the component 
fibrils. In strongly alkaline solutions, particularly of 
bivalent metal hydroxides such as calcium hydroxide of pH
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values greater than 10, the lyotropic swelling of collagen 
plays an important part. The splitting of the fiber into 
its constituent fibrils is one of the most important 
changes brought about by the alkali and in fact this 
change in fiber structure is one of the great advantages 
derived from liming of skin in the manufacture of leather 
(19) .
The constrictive effect of the fiber weave of the 
hide on the swelling of collagen is very strong. The 
effect of such structural restraint is evident when the 
collagen fiber of native hides, containing about 33% 
protein and 6 7% water is compared with a gelatin gel of 
corresponding protein content (24)* The latter shows 
much greater swelling because intermolecular forces are 
not able to act against the inflow of water, as is the 
case in the fibrous structure with its strong cohesive 
forces. The free water in the fiber weave of hide is 
much less than the free water in the gelatin jelly of 
equal protein concentration.
Kuntzel (24 ) found that as the liming period in­
creased, the isoelectric point of the collagen shifted to 
a more acid position. This was indicative of more de­
aminization or a change in the amino acid content of the 
protein. As the liming period increased, the basic 
amino acids decreased.
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There is no definite time period for liming; depend­
ing upon the stock, which when green requires a much 
longer period than limed or partially-limed offal. How­
ever, the glue manufacturer must take steps to see that 
liming is discontinued before collagen is appreciably 
degraded (40). Liming is generally carried out in wooden 
or concrete vats or pita, using a saturated solution.
Five percent lime is usually considered sufficient. Such 
combinations as 2 partB soda and 3 parts quick-lime to 
300 to 400 parts stock have also been found satisfactory.
In any case, the lime liquor should be reasonably fresh 
and its alkalinity maintained throughout the operation.
Washing and Deliming
Following the liming treatment of the glue stock, 
washing and deliming is done in order to remove alkalies 
and other soluble salts, remove soluble degradation 
products, and to accomplish swelling of protein.
Extraction of Glue and Gelatin
The secret of success in extraction or cooking 
depends on careful control of the conversion via hydrolysis 
of collagen into gelatin. The gross fibers, which are 
the forms in which collagen exists and is recognized in 
living systems, are capable of undergoing considerable
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mechanical and physical alterations which may vary from 
entirely reversible swelling, to partial melting, to 
irreversible disordering of the entire structure.
Gelatin is the water-soluble product of the dissolution, 
disorganization or degradation of these water-insoluble 
collagen fibers.
Extraction of glue or gelatin is done at a tempera­
ture which normally does not exceed 90°C. If heating is 
continued for too long a period, a lowering of adhesive 
properties results. When gelatin was thermally denatured 
by boiling for 60 hrs. under reflux, Sokolov (42) found 
its adhesive properties adversely affected, the resulting 
gel being more porous and the glue film less able to 
resist shearing.
There are two general methods of extraction or 
cooking: the open, and the closed. Hide and skin offal
are extracted by the open process of boiling, while the 
closed method of extraction is carried out in autoclaves 
under a pressure from 10-15 psi and satisfactorily 
employed for bones, etc. For hide and skin offal, 
boiling under pressure slows down extraction, as when 
water is squeezed out of the stock it is replaced only 
very slowly (40).
Efforts must be made at maintaining the following 
desirable conditions during the process of extraction 
from hide and skin offal:
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(a) high concentration of glue liquor;
(b) immediate removal of dissolved glue from zone 
of highest temperature;
(c) minimum pressure; and
(d) production of a clear liquid.
The treated stock is dumped into a boiler until the 
latter is almost full, then covered with water. Heat is 
applied and the temperature maintained at 150-160*F for 
several hours, until the liquor has dissolved a certain 
percent of its weight of glue. The liquor is drawn off 
and fresh water added. Heat is now maintained at 
10-15#F higher and after about the same time, the liquor 
is drawn off again. Four or five such "runs" are 
generally made, the last being at a temperature close to 
boiling. In order to hasten extraction, some technologists 
suggest agitation of liquor during extraction. However, 
shredding of the glue stock before or after liming is 
considered to be a safer method for speeding up production 
if the volume of handling does not make the operation too 
costly.
Heat is applied by means of an open fire, a steam 
jacket, coils, by forcing live steam into the liquid, or 
by water jacket. An excellent means of heating is 
achieved by the use of the steam jacketed pan with 
adequate temperature control devices to prevent uneven or
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over-heating of the stock. Use of live steam causes such 
problems as uncertain temperatures and dilution of glue 
with the condensing steam.
The residual material after extraction, the tankage, 
is considered inferior and almost a worthless material. 
After drying and grinding, the tankage can be used as 
fertilizer (40).
Glue From Chrome Leather Waste
An investigation of the mechanisms of dechroming has 
applications which are interesting. The fact that chrome*- 
tanned leather can be detanned is the basis of utiliza­
tion of scrap or damaged leather as a source of glue- 
stock. A large amount of leather waste accumulates, 
and in normal times, proves very difficult to dispose 
of unless the manufacturer himself has it taken away to 
a dump or burns it. Vegetable-tanned leather wastes are 
practically valueless to the glue producer as the removal 
of tannin cannot be accomplished satisfactorily. Chrome 
tanned leather scrap, however, may be profitably con­
verted into gluestock. The shavings or scraps of full 
chrome leather can be valuable as a reducing agent also; 
250 lbs. of shavings (58% moisture content) will reduce 
100 lbs. of sodium dichromate (40).
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Alexander Cl) has given an interesting review of 
early attempts to utilize chrome-waste for glue manu­
facture by stripping off the chrome from chrome-tanned 
hide. Solutions of Rochelle salt or other salts of 
hydroxy-acids effected detanning when brought in contact 
with chrome-tanned leather. In other attempts to detan 
leather, cleaned disintegrated chrome leather was soaked 
for 48 hours in 15 to 40 percent solutions of organic 
acids containing two or more hydroxyl groups. Oxalic 
acid proved to be most effective. Chromium hydroxide was 
precipitated from the extract, and the regenerated hide, 
after washing in weak alkali was limed to make glue. 
Mention is made of still another attempt in which chrome 
leather can be completely dissolved in 5% sulfuric acid. 
After removing the separated fat, the chromium hydroxide 
is precipitated by lime and the filtrate dried for glue. 
However, this process is drastic and results considered 
to be rather unsatisfactory. Lime and other bases have 
also been used to dechrome leather, but acid methods seem 
preferable.
Extending his study of some previous findings and 
postulates, Lollar (26) showed that organic acids were 
more effective than inorganic acids as dechroming agents. 
However, any acid which appreciably ionizes will dechrome, 
either due to its acid retention or penetration of the
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negative ion into the chrome complex to form stable, 
soluble compounds with chromium. Salts of these acids 
will also dechrome, the organic salts being more 
satisfactory.
Lollar (26) also found dechroming very pronounced 
upon the alkaline side with borax, sodium bicarbonate, 
sodium hydroxide and triethanolamine being very active 
dechroming agents. These alkaline materials exert a 
variety of dechroming actions. FirBt, they form soluble 
chromium salts by penetration as the acids do. Also, they 
solubilize the chrome leather by converting chromium sul­
fate in the leather into chromium hydroxide and finally 
into the soluble chromite stage. Finally, alkaline 
oxidizing agents are effective since they readily oxidize 
chromium to soluble hexavalent compounds, sodium perborate 
being an excellent example of this.
Lollar and Mooshick (27) were able to dechrome large 
pieces as completely as one can dechrome ground leather.
The low surface area exposed for a given weight of the 
unground leather merely slows the rate of dechroming and 
the chrome which remains in the leather contributes no 
tanning action, as evident from the decrease in shrinkage 
temperature of the leather to that of untanned hide. Thus, 
a comprehensive survey of available literature suggested 
various methodologies that might be effective in dechroming 
leather by-products and of increasing dissolution products.
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Hence, this study was initiated in an effort to further 
develop such possibilities.
MATERIALS AND METHODS
Preparation of Chromestock Samples
Samples consisting of the shavings and trimmings of 
full chrome leather were obtained from the Peter Cooper 
Cooperation, Oak Creek, Wisconsin. The four types of 
samples were fresh-chrome, 1-year old chrome, 2-year old 
chrome and chrome-dust leather. The first three con­
tained gross pieces of chrome tanned leather in sizes 
ranging from four inches to one-half of an inch. The 
chrome-dust mostly contained dislodged leather-fibers and 
leather pieces smaller than 1/4" in size (Figure 
2) .
In order to get small representative samples from 
the various lots, the pieces of leather were shredded 
with a paper-cutter into sizes of 1/4" or smaller 
and then mixed thoroughly for 15 minutes in a 
small rotating drum.
Moisture determinations were made on samples before 
and after chopping to monitor the moisture loss during 
the chopping and mixing operations. To avoid further 
drying of the shredded samples during storage, 
they were carefully packed in double-walled plastic bags 
and securedly tied.
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Methods of Sample Analysis 
Moisture
A 2-5 g sample was weighed into a tared aluminum 
moisture dish, 2M in diameter and 7/6" high, with cover 
(Scientific Glass Apparatus Co.), heated for 20 hours at 
200°F under 30 inches vacuum in a Freas vacuum oven, 
cooled in a dessicator with silica gel for 30 minutes at 
room temperature and then weighed.
Soluble Solids
Percentage water-soluble solids in the shredded 
chromestock was determined in triplicate in each Bample. 
Approximately 100 g of sample was washed five times in 
100 ml portions of freshly distilled water. This was 
done by placing a known weight of sample in a tared 
1000 ml conical flask and shaking for 1 hour with 100 ml 
freshly distilled water on a shaker. The wash water was re­
moved by filtration through Watman No. 42 filter paper and 
discarded. Solid particles from the filter paper were 
returned to the flask and shaken again with distilled 
water. Filtration of wash water was repeated. These 
additional washings were performed and the wash water 
filtered out each time. The washed samples were dried in 
a vacuum at 200*F and the total loss in weight of samples 
recorded. The percentage of water-soluble solids was
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calculated as follows:
% water-soluble solids * % total weight loss - % moisture 
Ash Content
Approximately 2-5 g of sample was weighed into a 50- 
ml porcelain crucible and held at 212°F until all water 
was expelled. Five milliliters of a 50:50 mixture of 
ethanol and glycerol was added to the dried sample; 
heating was continued until swelling stopped. The cruci­
ble was then placed in a Muffle furnace and incinerated 
at 1000°F until a white ash resulted (6-6 hours). The 
crucible was transferred to a dessicator, cooled and 
weighed. Results were expressed as percent of the 
original sample weight.
Kjeldahl Nitrogen
Total Kjeldahl nitrogen in the chromestock samples 
was determined by the AOAC method (7) and results expressed 
as mg N/100 g of sample .
Chromium Content
Solid samples were dissolved in a mixture of con­
centrated nitric and perchloric acids (3:1, v/v), until 
white fumes filled the space in the beaker above the 
reactants. The resulting solution was diluted with glass-
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distilled water to obtain a chromium concentration of 
1-10 ppm. The diluted solution was then analyzed by 
Atomic Absorption Spectrophotometry (Jarrel-Ash, Model 
850) .
Total Bacterial Count
For total bacterial counts on chromestock, 5 gm 
of representative sample was placed in a sterile 1-pint 
glass jar containing a 100-ml portion of 0.25% sterile 
peptone water. The jar was attached to an Omni-Mixer 
with sterile blades (Ivan Sorvall, Inc., Norwalk, 
Connecticut) which was operated for two minutes at 60 v 
to provide complete maceration of the leather pieces.
The fibers remaining after maceration were removed from 
the jars with sterile glass rods and placed in a sterile 
garlic press in order to express the liquid held in the 
fibers. Different dilutions were prepared from this 
liquid sample, using 0.25% peptone water dilution blank. 
Duplicate 1 ml quantities of each dilution were then 
placed in disposable Petri dishes and mixed with 10-15 ml 
melted sterile nutrient agar. All plates were incubated 
for 48 hours at 98*F for the subsequent enumeration of 
bacterial populations.
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Extraction of Dissolution Products from Collagen in 
Chromestock
The following procedure as detailed in the flow- 
diagram (Figure 3) for the extraction of glue from 
chromestock was used as the "Base Process*. The process 
resembles the general practice followed in several major 
glue industries in the United States which use chrome 
tanned scraps for raw material. In order to assess the 
extraction efficiency of a new process with changed 
processing parameters, this "Base Process" was used as 
standard for all qualitative and quantitative comparisons 
among the yields. The "Base Process" comprised the 
following steps.
(a) Large pieces of chromestock were chopped to random 
small sizes of three inches to one-half inch.
(b) Chopped chromestock was washed to remove sodium 
chloride; wash water drained and discarded.
(c) The washed stock was then treated with a 2.0- 
2.5t solution of magnesite for a period of 16 to 
20 hours and mixed well during this period to 
assure uniform contact between the sample pieces 
and magnesite.
(d) Soaked stock was drained and then transferred to 
a cooking kettle.
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Third run of light 
glue liquor drained 
and filtered
Second run of light 
glue liquor drained 
and filtered
Evaporated to 
30-35% glue solids 
Lot 3
Evaporated to 
30-35% glue solids 
Lot 2
Fourth run of light 
gfue liquor drained 
and filtered
Dried, ground and bagged
Watered, heated to 
185-190 F with live 
steam and held for 
1 hour
Watered, heated to 
195-200^ with live 
steam and held for 
1 hour
Stock diluted and 
heated to 175-180°F 
with live steam and 
held for 1 hour
Both lots mixed and evaporated 
together to 30-35% glue solids 
Referred to as Lot 1
Figure 3. Flow Diagram For Glue Manufacture from Chromestock.
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(e) The stock was diluted with 2 to 2-1/2 times
volume of water, heated to a temperature of
175-180*F in 3 to 4 hours using live steam, and 
this temperature was maintained for one hour. The 
resulting light glue liquor called the "first 
run" was drained from the kettle. Concentration
of extracted solids in the "first run" normally 
ran from 3-4%.
(f) Step (e) was repeated on the residual stock three
more times with an increase of approximately 10*F 
in the cooking temperature each time.
(g) Light glue liquors from each run were filtered
separately through a bed of finely ground di- 
atomaceous earth to remove most of the insoluble 
impurities and minimize the intensity of yellow 
color of the extract,
(h) After being filtered the liquorB obtained from the 
first two runs, were combined and subsequently 
evaporated. Thus, there were 3 sets of extracts 
identified in Figure 3 as Lot 1, 2, and 3. 
Having evaporated these lots of filtered extracts 
to solid contents of 30-35%, these were dried and 
bagged after grinding.
(i) Percent yield (corrected for the ash and moisture
contents) over the raw stock was determined and 
other qualitative tests conducted according to the
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standard procedures developed by the National 
Association of Glue Manufacturers (5).
Laboratory Modification of the "Base-Process" for Chrome- 
stock Extraction '
Because of the large number of samples to be handled 
on a laboratory scale, the following modifications were 
introduced in the "Base-Process" of extraction from 
chromestock.
(a) All large chrome pieces were chopped to one-half 
inch or smaller to ensure homogeneous and 
representative small samples.
(b) Samples of 100-500 g were accurately weighed, 
transferred into Pyrex conical flasks for such 
treatments as washing, soaking, cooking, etc.
(c) Tap water was used for the initial washing and 
distilled water was introduced during the soaking 
and extraction processes.
(d) Since the sample size used was invariably small, 
a shaker (Eberbach Corporation, Ann Arbor,
Michigan) was used and run in the "High" mode to 
ensure sufficient washing through adequate agita­
tion and concussion among the sample pieces.
(e) Instead of using live ateam-injaction for heating 
(an industrial practice) during the cooking process,
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a "Magni-Whirl" Constant Temperature Bath (Blue 
M Electric Co., Illinois) was used, equipped with a 
submerged moving platform. The temperature of 
the bath and the speed of shaking platform were 
both adjustable. Flasks containing the chrome­
stock samples were firmly secured by clamps to 
the shaking platform which was set in motion 
gradually.
For cooking and extraction of the chromestock,
150-ml portions of water per 100 gm sample were 
used for each of the consecutive extractions.
(f) At the end of each of the four 1-hour cookings, 
the cooked aggregate was transferred to a 250 ml 
Nalgene plastic centrifuge tube and centrifuged in a 
Sorvall Superspeed Centrifuge (RC 2-B) at 5000 rpm 
for 10 minutes. The clear extract was poured 
into a beaker and labeled to identify the "Run" 
number (1,2,3, and 4). Solids lodged in the 
bottom of the centrifuge tube were quantitatively 
transferred to the cooking flasks, with the help of 
spatula and rinsing with distilled water. The 
same volume of distilled water was used for cooking 
in each batch of extraction (including the amount 
used for removing the solids from centrifuge tube).
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(g) A filter aid consisting of a Celite bed of 1/4N 
thickness was prepared on a Whatman No. 44 
filter paper placed in a Buchner funnel. For 
quicker filtration, a vacuum was applied by 
aspiration. The first two "Runs” were collected 
and filtered separately, but Nos. 3 and 4 were com­
bined before filtration. To account for the amount 
of extract trapped in the filter aid the volume of 
each of the three filtered lots was measured before 
and after filtration. Appropriate corrections 
were subsequently made.
(h) Using a 5-ml aliquot from each filtered extract,
the nitrogen content of each batch was determined
by the Kjeldahl method. The total nitrogen 
present in the original volumes of each extract 
before filtration was then calculated separately, 
which when combined represented the amount
of total nitrogen extracted in the form of dissolu­
tion products from the chromestock.
(i) The extracts were concentrated separately in
tared vacuum flasks which were kept in a water
bath maintained at a temperature of 170-1B0*F. An 
aspirator was used to pull and maintain vacuum in 
the vacuum flasks, through a condenser with running 
tap water to condense and remove the outcoming 
vapor from boiling extracts. This was continued
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until the extracts reached concentration levels 
of approximately 30-35% solids. These flasks 
were then transferred to a Freas Vacuum Dryer 
(Model 524-A) and dried overnight at 180*F under 
30 inches vacuum.
Evaluation of Yield and Quality of Extracts from Chromestock
Recovery Estimation
It was considered important to estimate the percent 
recovery from raw material used, to establish extraction 
efficiency of the process employed. For such an estima­
tion, different batches of glue extracts obtained from 
the same chromestock were concentrated and dried; both 
steps of dehydration being accomplished under vacuum at 
temperatures of 175-180°F. A combined weight of the 
dried portions was taken after drying. To calculate the 
extent of recovery of the dry nitrogenous extracts from 
chromestock, appropriate corrections were applied for 
moisture and ash contents to the resulting dry product. 
Drying of a small portion of the liquid extracts was 
also necessary for determining qualitative yield. Two 
principal difficulties were experienced in drying large 
volumes of the aqueous extracts. First, the required
46
long drying periods restricted the handling of a sufficient 
number of samples and secondly, the inner surfaces of the 
vacuum flaslcs used as containers for drying extracts, were 
chipped off continually by the adhering layers of the 
drying glue, rendering the expensive glassware weak and 
unusable following a few drying operations.
However, estimation of total nitrogen in the bulk 
extract by the Kjeldahl method was found to be a satis­
factory alternative to the process of vacuum drying for 
recovery estimation. For estimation of nitrogen, a known 
volume of filtered extract from each "Run" collected 
from samples under examination was pipetted into a 
Kjeldahl flask. Before transferring the representative 
aliquots, volumes of the respective "Runs" were measured 
in order to measure the amount of total Kjeldahl nitrogen 
present in the entire extract and expressed as mg N/100 g 
chromestock.
Qualitative Analysis
The following standard methods were used for the 
testing of glue, as adapted and outlined by the National 
Association of Glue Manufacturers, Inc. (5).
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(A) Viscocity
A pipette form of viscometer for glue solution was
used. The complete approved apparatus for viscocity 
determination is commercially available (Scientific 
Glass Apparatus Co., Inc.).
Samples coarser than 8 mesh were ground to pass a 
No. 8 U.S. "Standard Seive". After thoroughly blending,
15 + 0.01 g of each sample was weighed into 150 ml 
bottles, and 105 + 0.2 g of cold distilled water 
(approximately 60°F) added gradually with stirring to 
insure complete wetting of all particles. The sample 
was allowed to stand a minimum of 1 hour and a maximum 
of 3 hours at room temperature. The sample bottle was 
stoppered and placed in a 149*F water bath. With frequent 
inversions of the bottle the glue was brought into solu­
tion. The sample bottle was again placed in the bath 
and the temperature raised to 14 2*F. However, the total 
time in the 149*F bath was not allowed to exceed 15 
minutes.
The sample prepared as described above was then 
transferred to the pipette viscometer as quickly as 
possible, without entrapment of air. A special thermo­
meter furnished with the apparatus was used. It was 
placed in the pipette and slowly raised and lowered until 
it registered and maintained the temperature of 140*F 
when its bulb was at the midpoint of the pipette bulb.
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The level of the solution was adjusted so that the 
bottom of the meniscus coincided with the upper mark,
The time required for the 100 ml of the solution to 
pass through the capillary tube (0.120 inch precision bore 
tubing) of the pipette was obtained by simultaneously 
starting a stop-watch and withdrawing the finger from 
the end of the tube and then stopping the watch when the 
level of the solution passed the lower mark on the 
pipette. The viscosity was expressed to the nearest 
whole millipoise which was calculated according to the 
formula appearing on the calibration certificate supplied 
with the viscometer assembly.
(B) Jelly Strength Determination
As determined by the Bloom Gelometer, the jelly 
strength of the glue is a measure of the rigidity of a 
gel formed from a solution of definite concentration and 
prepared according to certain arbitrary prescribed condi­
tions. The Bloom unit measures the force (weight) 
required to depress a prescribed area of the surface of 
the sample a distance of 4 mm.
Apparatus and Procedure: A Bloom Gelometer was used and
the same sample preparation (ground if coarser than 8 
mesh, weighed, dissolved and tempered to 142*F for the 
viscocity determination), was utilized again for the 
determination of the jelly strength. The effluent from
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the viscometer was collected in the original 150-ml 
bottle (used for dissolving the glue sample), stoppered 
with a rubber stopper and immediately placed in the 113°F 
bath for 30-40 minutes.
The bottle was removed from the bath and inverted 
several times to mix the sample thoroughly.
Foam from the center of the glue solution surface was 
removed with a spoon. The sample bottle was then placed 
in the 50 + 0.1°F chill bath and was maintained in an 
undisturbed state for 16-18 hours.
The sample bottle was removed and centered on the 
Gelometer platform so that the plunger contacted the 
sample at the midpoint. The platform was raised, the 
shot receiver placed on the pan and the hopper spout 
arm raised to start the flow of shots into the 
receiver. After the flow of shots was automatically 
cut off, the shots and receiver was weighed together 
to the nearest gram. The total weight was recorded as 
jelly strength.
All determinations were made immediately after re­
moval of sample bottles from the chill bath.
(C) pH Determination
Following the completion of the jelly strength 
determination, the same solution was warmed up to 
104*F and the pH determined using a pH meter with calomel
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and glass electrodes. The pH meter was standardized with 
buffers at pH 4 and pH 7 at 72°F. Alternatively, a 
12.5% solution of glue, dissolved in distilled water at 
140*F and subsequently cooled to 104*F, was used for the 
pH determination as above.
(D) Moisture Determination
The procedure approved by the National Association 
of Glue Manufacturers, Inc., was used. The glue samples 
were ground to pass a No. 8 U. S. Standard Seive and 
thoroughly mixed. Approximately 10 gm of the mixed glue 
were placed in a tared aluminum dish, 2 inch in diameter 
and 7/8" high with cover. The weight was determined with 
the cover in place. After removing the cover, the 
aluminum dish containing the sample was placed in an 
atmospheric oven, without circulation, at 221 + 2*F for 
1 7 + 1  hours. Weight of the dish was taken with cover 
on, after cooling in a dessicator. Loss in weight was 
calculated as percent moisture based on original weight 
of the glue.
(E) Ash Determination
In a previously dried and tared porcelain dish, 5 gm 
of sample was weighed to an accuracy of 0.001 gm. The 
sample was dried in an oven at 221*F for at least 2 hours. 
Then the sample was slowly carbonized with low heat, and 
finally at dull red heat, approximately 1025*F, until free
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of carbon and to constant weight. After attaining constant 
weight, the dish was cooled In a desslcator, weighed and 
percent ash calculated.
Effects of Controlling Variables on the Extraction Yields 
From the Chromestock
In order to achieve a significant increase in the 
production of dissolution components from chromestock, 
each step in the conventional extraction procedure was 
subjected to variations of different extents. Also, the 
effects of two additional parameters, namely, the various 
levels of irradiation of chromestock and the application 
of vacuum during the different steps of extraction were 
used. The following parameters were studied as con­
trolling variables for their respective effects on the 
extraction yields from the chromestock samples.
(A) Age of the Chromestock
Samples of fresh, 1-year old, 2-year old and chrome 
dust were taken from heaps of chrome tanned leather 
scraps piled in the open in the yard of the glue- 
manufacturer, chopped and mixed well and packed in 
separate containers with air-tight lining prior to shipment.
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Yields of dissolution products were compared using 
the same extraction procedure on each sample.
(B) Size Distribution in the Chromestock
Each of the original samples of chrome scraps 
received from the glue factory had a large size-distribu- 
tion of the component pieces. To assess the impact of 
the piece-size on the efficiency of extraction of 
dissolution products, five different portions were made 
as a function of particle size-distribution in each 
sample. These portions were made using the seive sizes 
of 1”, 1/2", 1/4" and 1/8" to separate the sample particles 
following shredding. Particles passing through the 1/8" 
seive were classified as "dust" but were different from 
the "chrome dust" obtained from the glue factory in that 
the latter also contained contaminants and a few sample
pieces as big as 1/4" in size, besides dislodged pieces
of fibers and small broken pieces of sample.
(C) Time and Temperature of Soaking
Usually, soaking overnight of chromestock for 
glue extraction is done with an appropriate liming agent 
to condition the collagenous stock for subsequent con­
version to glue-like substances. Raw material 
hydrated in water with the liming agent are turned and
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agitated moderately to swell leather fibers and also to 
reduce the bound chromium level in the samples to 
facilitate subsequent extraction. Soaking disrupts 
compactness of the fiber bundles in leather and increases 
the surface area of individual fibers through swelling, 
thus making the latter more vulnerable to the extraction 
medium at elevated temperatures.
Shredded sample pieces were soaked with magnesite, 
a liming agent, for 2, 7, 15, 30 and 180 days, respectively, 
to assess the effects of prolonged soaking on disorienta­
tion of the fiber aggregates and a simultaneous reduction 
in chromium contents of the samples. In addition to room 
temperature, soaking was done in batches at higher 
temperatures also, such as, 75*F, 85°F, 95°F, 105*F and 
115*F, respectively, to accelerate the desired effects 
of swelling and dechroming.
(D) Effects of Selected Chemicals on Dechroming
Various liming agents effect soaking of chromestock
in different degrees. Not only is the extent of swelling 
and fiber orientation but also the degree of dechroming 
of chromestock dependent on the kind and concentration of 
selected chemicals used.
These effects were monitored individually for acetic 
acid, tartaric acid, oxalic acid, sulfuric acid, borax, 
sodium hydroxide, disodium EDTA (ethylenediaminetetra-
54
acetate) and Rochelle salt by determining residual 
chromium in the treated chromestock. Samples were first 
washed with water to remove excess salts and chrome 
liquor and dried at room temperature. Dried chrome 
pieces were chopped into pieces of 1/8" or smaller 
to increase the surface area for more rapid reaction 
with the detanning reagents.
Sample size, strengths and amounts of reagents, 
length of reaction time and the temperature (room 
temperature) were all similar. A volume of 10 liters of 
each reagent at each strength (0.05N, 0.10N, 0.5N,
IN and 1.5N) were allowed to pass through 10 grams of the 
prepared chromestock packed in the bottom of a 
12x1 inch extraction column fitted with a 500 ml reservoir 
on the top. The bottom of extraction tube was fitted 
with a fritted glass filter disc and a stopcock to 
regulate the flow of the detanning reagent. The rate of 
the flow of reagent was adjusted to 16-17 ml/min with 
the help of a stopcock. The reservoir on top of the 
apparatus was replenished with reagent from time to time 
until the entire 10-liter amount was used. Following 
this treatment (the last of the reagent having passed 
through the sample), 500 ml of distilled water were also 
passed through the chromestock sample in the same manner 
to wash down the reagents.
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(E) Effect of Dechroming on Extraction Yields
In order to assess the effect of dechroming, on 
extraction yields of chromestock, samples were finely 
shredded and weighed in 25 gm portions. Four reagents 
(Rochelle salt, oxalic acid, sodium hydroxide and di- 
sodium salt of EDTA at pH 4.5) were used to dechrome 
leather. Solutions were prepared of four different 
strengths for each reagent used, namely, 0.05 N, 0.10 N, 
0.50 N and 1 N to effect leaching of chrome in different 
degrees. The samples of chromeBtock were treated in 
triplicate at each strength making a total of 48 to be 
extracted subsequently by the Base Process.
(F) Effects of Cooking Time, Temperature and Degree of
Agitation on the Extent of Extraction
Chromestock samples were soaked overnight with a
liming agent, washed thoroughly with water in the 
morning and subsequently cooked for a pre-determined 
time and extracted in the usual manner. Yields were 
compared among samples subjected to delayed cooking times 
up to 3 times longer than the time allowed in the normal 
extraction procedure. All other parameters of chrome­
stock samples under investigation were kept unchanged 
except the length of cooking time to see the effect of 
the latter on final yields
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Effect of temperature on the efficiency of extraction 
was judged by subjecting shredded chromestock samples 
to 170*F, 180*F, 190*F, 200*F and 210*F. These tempera­
tures were maintained closely with a thermostat on the 
waterbath used to heat the sample slurry for extraction.
Using the shaking platform attached with a variable 
speed control, in a Magni Whirl Constant Temperature 
Bath, the rate of agitation could be varied during ex­
traction. Thus, it was possible to agitate extraction 
flasks while they were submerged in hot water in the bath, 
at 10, 20, 30, 40 and 50 cycles per minute for desired 
periods of time.
(G) Effect of Cooking Under Pressure and Vacuum on
Extraction Yield
One-hundred gram portions of well mixed representa­
tive shredded chromestock samples were placed in each of 
36 conical flaBks (500 ml) and treated in the usual manner 
for extraction up to the liming step. Three samples were 
extracted by the lab-modified Base Process and served as 
controls.
To assess effects of cooking chromestock samples 
under pressure, an American Cyclomatic sterilizer 
(American Sterilizer, Erie, Pennsylvania) was employed 
and samples in triplicate cooked for 1, 2, and 3 hours,
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respectively, at a chamber temperature of 245-250*F.
Another set of 9 samples, three for each time period, 
were cooked and extracted for 1, 2, and 3 hours at ISO- 
18 5#F under vacuum. A thick-walled vacuum flask was used 
in place of an ordinary conical flask and vacuum applied 
with the aid of a tap water aspirator. To avoid back- 
flush of tap water into the cooking sample, a reservoir 
was provided between the aspirator and sample flask. A 
condenser was used to remove most of the vapors from the 
sample flask during boiling. This device produced 
vacuum of approximately 26-27" Hg.
The last set of 15 samples were subjected to a com­
bined treatment involving cooking under pressure at 245- 
250eF and the final extraction under vacuum. The 5 
combinations of "pressure-vacuum" treatment times were 
30 minutes: 30 minutes, 60 minutes: 30 minutes, 120
minutes: 30 minutes, 60 minutes: 60 minutes and 120
minutes: and 60 minutes, respectively.
Amounts of total extracted Kjeldahl nitrogen were 
determined for each sample and compared to determine 
processing efficiencies.
Effect of Gamma-irradiation on Chromestock Extraction
To study effect of various doses of ionizing irradia­
tion on extraction yields of treated chromestock, these
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were Irradiated at the Nuclear Science Center, Louisiana 
State University, Baton Rouge. The dose rates of the 
two sources at the time of irradiation were 3030 rads/min, 
and 460 rads/min.
Chromestock samples were shredded and mixed thoroughly 
and 50 gm portions placed in each of 24 flasks. Twelve 
dry samples were irradiated and another 12 were irradiated 
while covered with distilled water. Irradiation was 
administered at 4 levels to both the dry and wet samples, 
keeping each individual dose, within practical limits, 
the same for both samples. Doses administered ranged 
between 1.65x105 rads to 1.36x107 rads as they were 
received by the dry and wet samples as shown in Table I .
Table i . Gamma-irradiation of Dry and Wet Chromestock
Samples at Different Dose-levels







Central Source 3030 6 1.65xl05
Hot Source 460 6 1.09xl06
Central Source 3030 75 2.07xl06
Hot Source 460 75 1.36xl07
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Irradiated samples were extracted by the modified 
Base Process and effects of radiation determined on the 
sample extraction efficiencies.
Electron Microscopy of Flber-orientation in Treated 
Chromestock
With the purpose of obtaining three-dimensional images 
of morphological changes in fiber-bundles of chromestock 
samples receiving various treatments, a JEOL-JSM-2 Model 
at 25 kv (acceleration) Scanning Electron Microscope 
(SEM) located in the Department of Geology, LSU, Baton 
Rouge, was utilized.
Chromestock samples were dried by the Critical Point 
Drying technique to preserve their morphological integrity 
before scanning under the electron microscope. Samples 
were cut into l/8xl/8" Bize, transferred into properly 
labelled bottles containing acetone and then soaked over­
night to remove moisture. Pieces were dried using a 
Critical Point Dryer (Denton Vacuum, Inc., Cherry Hill,
New Jersey). The dried specimens were then mounted on 
aluminum stubs with silver conducting paint and coated 
with gold-palladium. Suitable magnifications were used 
in the range of 600 X - 2500 X to make micrographs.
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Electron Dispersive System Surveying Elements in Micro- 
areae
The SEN used was also interphased with an ORTEC 
Model 6200 Multichannel Analyzer Electron Dispersive 
System (EDS) micro-probe to obtain elemental composition 
of selected areas in the sample. Data recording and 
data-display systems were also part of the micro-probe. 
The EDS for elemental analysis provided a rapid multi- 
elemental analysis of full X-ray spectrum displaying the 
output for entire elemental line scans and distribution 
map in digital format. Thus, it was possible to obtain 
peaks for each of the various elements scanned by the 




Four sets of samples from different chromestocks, 
including new chrome, one-year old chrome, three-year old 
chrome, and one-year old chrome-dust, each consisting of 
the shavings and trimmings of full-chrome leather were 
analyzed in triplicate for their respective composition 
and the results averaged (Table II).
No appreciable differences were found in moisture 
contents among various samples of chromestock in gross 
pieces stored at ambient temperatures. Three-year old 
samples were slightly lower in moisture, presumably due 
to dessication, and for that reason some discoloration of 
the generally blue-colored stock was also observed. How­
ever , the dust chromestock had lower moisture than did 
gross pieces due probably to larger surface area per unit 
weight. Kjeldahl nitrogen remained fairly constant at 
ca 60 mg/gm of chromestock on a dry weight basis.
Analysis of chrome-dust revealed somewhat erratic but 
consistently higher ash contents which could be attributed 
chiefly to contamination with such foreign objects as 
sand, metallic particles of fine size, dirt, etc. which 
were ordinarily difficult to completely remove.
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Table II. Chromestock Composition as Influenced by Storage Time and Size Distribution
Composition New Chrome 1-Year Old 3-Year Old 1-Year Old
Chrome Chrome Dust
Chrome
Moisture Content X 55.0 + 2.7 54.6 + 1.8 53.3 + 1.4 52.8 + 1.6
Kjeldahl Nitrogen , mg/gm 60.4 + 4.4 60.9 + 5.2 62.7 + 3.5 60.8 + 4.1
Water Solubles X 4.2 + 0.2 4.1 + 0.2 4.2 + 0.3 4.2 + 0.4
Ash X 13.05 + 0.85 13.17 + 0.52 13.23 + 0.63 15.14 + 2.34
Chromium (Cr203) X 3.38 + 0.17 3.42 + 0.26 3.51 + 0.13 3.40 + 0.52
Sulfur X 1.14 + 0.03 1.13 + 0.05 1.17 + 0.04 1.07 + 0.11.
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Determination of total chromium was important from 
the viewpoint of its significant effect on the release 
of nitrogenous dissolution products in subsequent cooking 
and extraction processes (40).
Yield and Analysis of Dissolution Products
Extraction of dissolution products from chromestocks 
as a function of storage times and size-distribution was 
made separately by the "Base Process" outlined earlier. 
These samples of dried extracts were made homogenous by 
grinding and an appropriate portion analyzed in triplicate 
for their pH, moisture, ash, chromium and quality 
attributes including viscosity and gel-strength (Table 
III) .
Moisture and ash contents of the dried extracts 
remained relatively constant as long as such parameters 
of extraction as temperature and length of cooking, and 
extent of liming remained the same from sample to sample.
A change in the pH value of the finished product was 
often observed as a function of processing time. A delay 
in extraction time usually tended to induce a lower pH 
value in the extract, often accompanied by lower viscosity 
readings.
Table III. Comparison of Dehydrated Extracts Obtained from Various 
Chromestocks by the Base Process.
Observations New Chrome
Moisture X 12.8 + 1.1
Dry Yield (gra/lOOgm 25.1 + 1.6
chromes tock.)
Ash Contents 7. 8.75 + 0.45
pH 8.3 + 0.7
Viscosity (millipoise) 53.0 + 3.6
Gel Strength (grams) 175.0 + 5.3
1-Year Old 3-Year Old 1-Year Old 
Chrome Chrome Dust Chrome
11.4 + 0.9 11.4 + 1.5 11.4 + 1.2
25.0 + 1.9 24.5 + 0.8 28.35 + 2.4
8.59 + 0.61 8.63 + 0.78 8.70 + 1.1
8.5 + 1.2 7.9 + 0.8 7.4 + 0.9
55.0 + 1.7 37.0 + 2.3 50.0 + 4.4
179.0 + 6.1 89.0 + 4.2 200.0 + 8.5
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Effects of Extraction Parameters on Yields
The following variables were individually monitored 
to assess their respective impacts on the overall 
extraction yields from chromestock when other extraction 
parameters remained equal.
(A) Age of Chromestock
Data obtained on extracted dry yields (Table h i ) 
from chromestocks aged for different periods of time do 
not indicate appreciable differences in recoveries. It 
appears that chromestocks when stored in the open for 
relatively short time do not lose their potency to 
continue serving as raw materials. However, when 
samples of 3-year old chromestocks that had undergone 
considerable dessication and lost more than 50% of their 
original HjO were extracted, the yields were 5-7% lower 
compared to the undessicated stocks of the same age. Also, 
such over-dried samples had poor wettability in water.
(B) Size-distribution in the Chromestock
To assess the effect of size-distribution on 
extraction efficiency, each of the various stocks was 
divided into 5 categories based on particle-sizes.
Results entered in Table IV indicate that samples in the 
order of decreasing particle size always had their 
extraction output in increasing order. Considering all
Table IV. Effect of Chromestock 
by the Base Process.
Particle-size Distribution on Efficiency of Extraction
(Sample Size - 100 gm)
Type of 
Chromestock
milligrams of Extracted Kjeldahl Nitrogen from Sample
Pieces Retained on
Samples







New Chromestock 2447 + 31 2671 + 17 2881 + 22 3128 + 16 - -
One-year Old 
Chromestock 2415 + 36 2633 + 28 2750 + 31 3109 + 22 3084 + 74
Three-year Old 
Chromestock 2326 + 19 2418 + 25 2669 + 19 3013 + 37 -
*The factory chrome-dust had leather splits (1/2 inch and smaller) , dislodged fibers of 




three types of samples together, an increase of 21.0- 
25.0% in extraction yield from batches containing particles 
smaller than 1/8* in size was registered over the 
recoveries from batches consisting of particles 1/2* or 
larger (Figure 4).
Such increases in extraction output may be attributed 
to greater surface areas with respect to weightB, resulting 
in better penetration of the reacting reagents. The 
foregoing ratio was smaller in the case of larger 
particles, and seemed to delay reaction time, and thus 
adversely affected extraction efficiency.
(C) Effect of Soaking Time and Temperatures
A dose of 2% magnesite powder (consisting primarily 
of MgO) based on the initial sample weight, was 
suspended in adequate amounts of distilled water and 
added to each of the pre-washed chromestock samples and 
shaken well. Extractions were then made in the usual 
manner and data entered in Table V obtained (at the end 
of the specified period at each temperature used for 
incubation). Until the 15th day, the increase in 
incubation temperature appeared to be the most potent 
factor effecting the amounts of soluble nitrogen, the 
length of soaking also seemed conducive to increasing 
soluble nitrogen with age (Figure 5). At the end of 
15 days, those incubated at 95*F and 115*F yielded 3.5%
Table V. Effect of Soaking-time and Temperature on the Solubilization of Nitrogen in 
New Chromestock.
Sample Size = 200 gm; Moisture Content = 54.6%)




(65-70*F) 75•F 85•F 95•F 105 °F 115#F
1 4631 + 51 4630 + 63 4696 + 26 4760 + 35 4821 + 41 4875 + 53
2 4652 + 58 4678 + 71 4713 + 37 4800 + 47 4862 + 33 4912 + 32
7 4708 + 48 4773 + 63 4812 + 43 4884 + 53 4950 ■f 41 5023 + 44
15 4831 + 59 4919 + 52 4980 + 33 5003 + 61 5060 + 49 5146 + 39
30 5078 + 39 5186 + 48 5317 + 49 5483 + 38 5549 + 31 5603 + 73





























One-year Old Chromestock 
Three-year Old Chromestock
A*particles Passing Through 1/8 " Seive 
B=Particles Retained on 1/8" Seive 
C=Particles Retained on 1/4" Seive 


















Figure 4. Change in the Total Extracted Kjeldahl Nitrogen 





























• Sample Incubated at 115 F 
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Figure 5. Comparison of Total Soluble Nitrogen at 95°F
and 115°F Based on the Initial Measurements at 
Room Temperature (60-65^*) .
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and 6.5% Increases respectively in total solubilised 
nitrogen over amounts in corresponding samples maintained 
under identical conditions. At 115"F, increases in 
nitrogen solubilization over the amounts solubilized at 
room temperature were 10.13% and 13.4% respectively 
at the end of 30 and 180-day periods. Total solubilized 
nitrogen at each incubation temperature after 30 and 180- 
day soaking were compared to those obtained after 1-day 
soaking of samples at 95#F and 115°F in Figure 5 . It 
was observed that nitrogen-solubilization from the chrome­
stock was more extensive in the temperature-range of 
65°F to 95°F and as the temperature of soaking increased, 
the rate of increase of solubilization tapered off. 
Apparently, incubation temperatures between 65-95°F were 
more conducive to microbial growth in soaking samples, 
as also evidenced by gradual decomposition of the chrome­
stock and accompanying odor of microbial origin evolved 
from samples under experiment (Appendix). Chromestock 
samples which had been limed supported bacterial prolifera 
tion accompanied by breakdown of the substrate at 
all temperatures of incubation. The same was not true 
in case of samples that had not been limed (Figure 6).
(D) Effect of Kind and Concentration of Reagents on
Degree of Dechroming
Having treated the chromestock with dechroming 
reagents a portion of the washed sample was dried and 
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Figure 6 . Comparison of %  Increase in Total Soluble Nitrogen 
Following 30 and 180-day Incubation.
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by the Absorption spectrophotometer and the degree of 
detanning effected by each reagent calculated by 
difference from the controls (untreated). After repeated 
detanning trials with the reagents at different 
normalities, Rochelle salt proved relatively more effective 
(Figs. 7,8) in detanning at each of the five concentrations 
used (871 dechroming at 1.0 N). Oxalic acid, EDTA at 
pH 4.5, sodium hydroxide and tartaric acid followed 
respectively in decreasing order in their ability to 
leach out chromium from the chromestock. Detanning 
effected by acetic acid and sulfuric acid even at higher 
concentrations (1.5N) remained less than 40% (Table VI). 
This observation was in agreement with the findings of 
Yazykov et al. (52) who found sulfuric acid and hydro­
chloric acid treatments less effective than alkali 
treatments in breaking chrome-collagen bonds. Roman 
et al. (35) also found sodium hydroxide and ammonium 
hydroxide solutions effected neutralization of chrome- 
tanned leather as long as they were kept free from 
SO”  groups. Studying the chelating effects of disodium 
salt of EDTA, Smejkal and Blazej (39) found that chelates 
formed between various metals and the reagent were stronger 
than the chelates between the metals and the hide substance 
such as collagen.
In a separate set-up designed for detanning, 5 gm 
samples of chromestock were separately placed in contact
Table VI. Effects of Various Chemicals on the Removal of Chromium from Chromestock
% Decrease in Chromium Content of Chromestock With Increasing Reagent
Strength (Normality)
0 .05 N 0 .10 N 0 .50 N 1.00 N 1.50 N
Acetic acid 5.1 + 0.2 8.6 + 0.3 25.4 + 2.6 35.3 + 3.4 36.8 + 2.7
Tartaric acid 21.3 + 2.1 26.7 + 2.7 59.7 + 3.4 64.8 + 4.2 66.4 + 5.3
Oxalic acid 43.0 + 3.2 56.3 + 4.1 78.4 + 5.0 83.2 + 5.3 87.6 + 4.9
Sulfuric acid 11.6 + 1.2 23.7 + 1.4 28.2 + 2.8 32.4 + 2.6 33.6 + 2.9
Borax 21.6 + 1.4 29.4 + 1.7 74.3 + 5.2 - - - -
Sodium hydroxide 12.3 + 0.7 35.2 + 1.9 68.0 + 3.5 83.9 + 4.6 - -
Disodium EDTA 9.1 + 0.8 13.4 + 1.1 51.6 + 4.3 79.8 + 5.4 84.3 + 4.6
Rochelle salt 11.0 + 1.2 31.8 + 1.1 84.2 + 3.9 87.3 + 4.8 - -
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with each of Rochelle salt, oxalic acid, sodium hydroxide, 
and disodium EDTA solutions and agitated in 5 liter 
conical flasks. Normalities of solutions used were 
0.05N, 1.0N and 1.5N (same as used in the continuous 
extraction method). These detanning solutions were not 
replenished nor changed during the 10 hour period for 
which the agitation was continued. In spite of similar 
reagent volumes and strength and time of contact with 
substrate, the agitation method proved substantially less 
efficient (19-33%) in dechroming than the continuous 
flow method (Table VII). The latter was more effective 
because the sample was treated with a continually 
replenished solution of the detanning reagent and the 
products of dechroming reactions were removed continuously 
from contact with the chromestock. In the agitation 
method, the accumulating quantity of chrome removal 
products remained in contact with the leather throughout 
the entire period of dechroming.
Table VII. Effects of Certain Dechroming Reagents on the 
Extent of Chromium Removal From Chromestock by 
Agitation Method
Reagents % Decrease in Chromium Contents in the 
Chromestock
0.05 N 0.5 N 1.5 N
Rochelle salt 8.7 + 0.3 57.5 +3.5 -  -
Oxalic acid 35.3 + 1.8 52.3 + 3.9 00.2 +3.4
Sodiun hydroxide 10.1 + 0.6 46.4 + 2.8 -













X  ACETIC ACID
a —  SULFURIC ACID
0.1 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Normality of Dechroming Agents























a Rochelle salt 
0 Borax










0.2 N 0.4 N 0.6 N 0.8 N 1.0 N 1.2 N 1.4 N 1.6N
Strength of Dechroming Reagents (Normality)
Figure 8 . Decrease in Chromium Contents as a Function of Reagent Strength.
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(E) Effect of Dechroming on Extraction Yields
The extraction results are entered in Table VIII as 
percent of the original Kjeldahl nitrogen in the sample 
solubilized at different levels of dechroming following 
treatment.
In all cases, percentage of extraction progressed 
as the chromium content gradually decreased in chrome­
stock samples, without effect of the individual detanning 
reagent on the final yield as a function of dechroming. 
Small descrepancies were observed between the extract- 
ability of sample sets detanned by two different reagents 
but these were not consistent nor appreciable in that 
the yields were always higher for a higher degree of 
dechroming at any level (Figure 9) .
(F) Effect of Cooking Time, Temperature, and Degree of 
Agitation on Extraction
A large amount of chromestock was shredded and 
mixed thoroughly to provide uniform samples for each 
experiment.
The usual length of cooking time (8 hours) 
used in the modified laboratory method for chromestock 
extraction was changed to 4, 6 , 8, 12, 16 and 24 hours, 
respectively, to see the effect of cooking time on 
efficiency of extraction. Triplicate samples were used 
for each cooking time which were equally shared by the 
four extractions. All 4 extracts were combined after
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Table VIII. Effects of the Degree of Dechroming on
Percent Yield of Proteinaceous Extract from 
Chromestock.
Reagents Normality % Dechroming % N
Extracted
0.05 N 10.8 + 0.6 42.2 + 1.3
0.10 N 30.1 + 0.4 49.8 + 0.9Rochelle Salt 0.50 N 79.5 + 1.3 70. 3 + 1.4
1.00 N 84.4 + 0.6 73.6 + 1.1
0.05 N 40.10 + 0.4 51.3 + 1.1
0.10 N 51.0 + 0.6 55.1 + 1.9
Oxalic Acid 0. 50 N 74.5 + 1.0 64.6 + 1.4
1.00 N 80.2 + 0.9 70.6 + 2.2
0.05 N 10.5 + 0.4 37.0 + 1.4
0.10 N 28.1 + 0.4 48.5 + 1.1
Sodium Hydroxide 0.50 N 56.2 + 0.7 60.4 + 1.0
1.00 N 74.4 + 0.5 69.2 + 1.1
0.05 N 9.3 + 0.4 36.1 + 0.4
0.10 N 12.5 + 0.3 39.6 + 1.0
Disodium EDTA 0.50 N 45.6 + 0.7 54.7 + 0.9
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Table IX. Effect of the Length of Cooking Time on the
Yield of Proteinaceous Extract from Chromestock 










4 hours 2239 + 41 -10.2
€ hours 2376 + 36 -4.7
8 hours
(Control)
2433 + 31 -
12 hours 2684 + 25 7.6
16 hours 2762 + 46 10.8
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Figure 10. Effect of Change in the Length of Cooking 
Time on the Efficiency of Chromestock 
Extraction.
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centrifuging the cooked slurry. The amount of nitrogen 
in the total extract from each batch and the different 
cooking times are given in Table ix. It is clear that 
an overall increase in output resulted as a function of 
extended cooking time. However, the rate of increase 
was not proportional to cooking time when extended 
beyond 12 hours. The rate of solubilization of sample 
nitrogen was much greater when total cooking time increased 
from 4 to 12 hours, but a decline in the rate of increase 
followed subsequently (Figure 10).
Three samples in amounts of 100 gm each were used in 
each set of extractions carried out separately at 170°F, 
180*F, 190*F, 200#F and 210#F, respectively, and cooking 
was performed according to the modified laboratory method 
with the exception that cooking temperatures were maintained 
the same throughout the complete extraction of any 
particular sample. Extracts from each sample were com­
bined, and total nitrogen content determined (Table x )•
An increase was found in yields as cooking temperatures 
increased. This increase, however, was pronounced 
initially and tapered off as the cooking temperature neared 
boiling (Figure n )  .
Increases in agitation of the raw stock during 
boiling have been reported to be an aid to glue manu­
facture but has not been widely adapted due to economic 
and quality control reasons (1). To gauge the effect of
84
Table X. Effect of Increased Cooking Temperature on the 
Yields of Proteinaceous Extracts from Chrome­
stock .
(Sample Size « 100 gm)
Temperature Total Total
of Cooking Cooking Kjeldahl
of Chromestock Time Nitrogen
Extracted
(milligrams)
170 F (Control) 8 hours 2022 + 38 —
180 F 8 hours 2263 + 24 11.9
190 F 8 hours 2415 + 30 19.4
200 F 8 hours 2513 + 34 24.3





























Figure u . Effect of Increase in Cooking Temperature on 
the Chromestock Extraction.
86
agitation during chromestock cooking on overall extrac­
tion yield, 100 gm samples were agitated at a predetermined 
speed in the extraction bath. All other variables being 
the same, agitation increased extraction yield up to 
13-14% (Table xx) when compared to the control that was 
extracted without agitation.
When a 200 gm sample was used, a slightly higher yield 
was obtained (16%) . Such an increase may probably have 
been due to increased friction within the sample pieces 
as sample size increased (Figure 12).
(G) Effects of Cooking Under Pressure and Vacuum on
Extraction
Data on extraction efficiencies from chromestock 
samples obtained under conditions of different treatments 
are listed in Table XII.
Samples cooked at elevated temperatures under 
pressure invariably gave lower yields than controls even 
after longer periods of cooking. Those extracted for 
1, 2, and 3 hours at 180*F under vacuum resulted in higher 
yields than controls and increased with cooking time 
even though the temperature of cooking was lower than 
extraction temperature.
The most encouraging results were obtained when 
samples were subjected to treatments combining pressure 
cooking and vacuum extraction of the samples. Yields were 
higher than those obtained from the controls. One
Table XI. Effect of Increased Agitation During Cooking on the Overall Yield of 
Nitrogenous Extraction from the Chromestock.
Sample Sizes = 100 gm (I) and 200 gm (II)




























0 2483 + 28 5043 + 66 — —
10 2618 + 27 5344 + 65 5.4 5.9
20 2647 + 30 5536 + 57 6.6 9.7
30 2713 + 41 5686 + 34 9.2 12.7
40 2786 + 30 5760 + 42 12.0 14.2



















9  • Sample Size«200 gm
Sample Slze»100 gm
i__________I_________ I---------- 1----------*
10 20 30 40 50
Cycles of Agitation/ Min.
12. Effects of the Rate of Agitation During
Extraction and the Sanple Size on the Total 
Kjeldahl Nitrogen Extracted from Chrome- 
stock.
89
remarkable observation was that when samples subjected 
to pressure cooking for 1 and 2 hours respectively were 
extracted under vacuum for 30 minutes and others for one 
hour, most of the soluble nitrogen was extracted in 30 
minutes and increases in vacuum extraction time did not 
enhance yield until the length of cooking under pressure 
was increased (Table xn)•
It appears that hydrolysis of the insolubilizing 
linkages is carried out at high temperature and conversion 
of the collagen to soluble form takes place. However, 
in the case of hide and chromestock, boiling under 
pressure slowed down extraction, as when water is 
squeezed out of the stock, it is replaced only very 
slowly. Use of vacuum seemed to correct this discrepancy, 
as evident from the fact that stock cooked under pressure 
yielded more under the vacuum extraction than the one 
that received no cooking under pressure. Use of high 
temperature cooking with steam under pressure is usually 
applied to extract such collagenous stock as bones, 
that are hard to extract efficiently otherwise (46).
Microbial Degradation of Chromestock
The effects of a few selected treatments on the 
extent of microbial degradation of chromestock samples 
following certain treatments were studied. It is known 
that certain organisms elaborate collagenases which digest
90
Table XII. Efficiency of Proteinaceous Extraction from
Chromestock as Function of Cooking Under Con­

















8 hours 2416 + 35 -
Cooked Under 1 hour 1819 + 35 -24.8
Pressure 2 hours 2006 + 41 -17.0
(245-250 F) 3 hours 2156 + 41 -10.8
Cooked Under 1 hour 2443 + 45 1.1
Vacuum 2 hours 2637 + 31 9.1
(180 F) 3 hours 2860 + 36 18.4
Cooked Under 30 min:30 min 2758 + 40 14.1
Pressure 60 mini30 min 2852 + 36 IB. 0
Followed by 120 min:30 min 3139 + 34 29.9
Vacuum 60 min:60 min 2951 + 37 22.1
120 min:60 min 3369 + 14 39.4
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X j
Figure 13. Microbial Degradation of Chromestock as 
Function of Liming and Temperatures of 
Incubation:
A. Chromestock in Plain Distilled Water After 
3-month Storage at the Room Temperature 
(60-65°F)
B. Chromestock Treated with 2.5%  Magnesite and 
Stored at the Room Temperature for 3 Months
C. Chromestock Treated with 2.5% Magnesite and 
stored at 97 F for 3 Months.
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both collagen and gelatin, but chromium bound to collagen 
in the tanned collagen may interfere with the process. 
Chromestock samples with the associated natural microflora 
were incubated for 12 weeks both at room temperature and 
at 97°F with and without treatment. Degradation occurred 
in samples which were treated. Results varied somewhat 
and details are included in the Appendix.
Samples of residual chromestock after extraction were 
more extensively degraded even at room temperatures than 
other unextracted samples, which may probably be attributed 
to altered chemical and physical conditions such as reduced 
levels of bound chromium leached out during extraction, 
hydrolysis of collagen molecules, swelling and physical 
disintegration of the collagen fibers during extractions. 
Bailey et al. (9 ) have reported that while small levels 
of dissolved chrome affects the rate of degradation, 
precipitated chrome does not appear so detrimental.
Microbial degradation were followed in terms of 
total plate count, soluble nitrogen estimation and the 
physical appearance of the samples (Figure 13).
Effect of Gamma-irradiation on Chromestock Extraction
Shredded and well-mixed representative samples of 
chromestock irradiated in dry and wet conditions at four 
different amounts of soluble nitrogen when extracted by the
Table XIII. Effects of Gamma-irradiation Levels on the Extraction Efficiencies of 
Wet and Dry Chromestock
Dose Dry Samples Wet Samples
Extracted % Extracted %
Nitrogen Change Nitrogen Change
(mg) in Yield (mg) in Yield
None (control) 2793 + 26 - 2793 + 51 -
1.65xl05 2806 + 41 <1% 2769 + 63 <1%
1.09xl06 2713 + 37 -2.9 2663 + 48 -4.7
2.07xl06 2685 + 31 -3.9 2596 + 29 -7.1
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Figure 14. Effects of Gamma-irradiation Levels on the Extraction 
Efficiencies of Wet and Dry Chromestocks.
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modified Base Process. Samples that were irradiated in 
relatively drier states always produced more soluble nitro­
gen than counterparts that were wet during irradiation, when 
both received equal doses of exposure. This was true at all 
levels of irradiation received simultaneously both by the 
dry as well as the wet samples. Table XIII contains data 
on the nitrogenous extractions from various samples re­
ceiving different dose-levels.
Mohanradhakrishnan and Muthiah (29) conducted electron 
microscopy of gamma-irradiated leather samples and found 
that such a treatment yielded highly cross-linked gel-like 
amorphous structures devoid of cross-striation. They also 
suggested that collagen in wet or solubilized states form 
free radicals during irradiation and these subsequently 
form complex crosslinks.
Decrease in the extraction yields of nitrogen from dry 
or wet samples were not appreciable at lower doses of 
irradition (at 1.65xl05 rads), but became apparent at 
exposures of 1.09xl06 rads and more. This observation 
was in line with the findings of Strakhov et al^ (43) who 
found no increase in the free-amino group and the amount 
of low molecular weight N- containing components in the 
collagen system exposed to a dose of 10^ rads. With their 
samples of pure collagen, they observed a sudden increase, 
however, in the amounts of low molecular weight nitrogen 
following exposure of the sample at 10® rads. To the
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contrary, chromestock samples exposed to an equivalent dose
registered a decrease In overall nitrogen solubilization.
6 7Gamma-irradiation in ranges of 10 -10 and higher, have 
been generally agreed upon to be detrimental to the 
solubilization of nitrogen from hide, pure collagen or 
chromestock samples. Kipnis and Sheksheev (22) detected 
signals of the free radicals liberated from irradiated 
samples of hide in the EPR spectra, and found that the 
rate of decomposition of different collagen bonds depended 
upon the irradiation dose. Active radicals that originate 
during irradiation with high doses appear to have high 
dwell-time and thus they enter into numerous secondary 
reactions with the formation of crosslinks among fragments 
of protein.
Electron Microscopy of Fiber Orientation in Treated 
Chromes tocfc
In order to obtain transverse and longitudinal views 
of the individual fibers in chromestock, sections of 
treated samples were cut, prepared and examined under the 
scanning electron microscope.
Micrographs on the following pages show untreated intact 
fibers as they appear under the SEM (Figure 15), as well 
as those that have been physically affected by various 
treatments. A moderate treatment with alkali or acid for 
a few hours effected only swelling of the individual fibers
Figure 15. Transverse and Longitudinal Views of Untreated Chromestock Fibers Under ^
the SEM ( 600 X and 1800 X ). -j
Figure 16. Swelling of Individual Chromestock-fiber*
Following NaOH and HC1 Treatments (1800 X).
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* J
Figure 17. Splitting of Individual Fibers into their 
Constituent Fibrils, Brought about by NaOH 
and HC1 (lower) Following 72-hour Soak (1800 X).
Figure 18. Erosion and Depletion of Individual Chrome- 
stock- fibers Following Cooking (1800 X ).
Figure 19. Scanning Electron Micrograph of an Individual
Fibril Following Gamma-irradiation of a section 
section of Chromestock at 1.36 X 10' rads.
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(Figure 15) but when periods of treatment as well as re­
agent concentration were increased, splitting of the fibers 
into their constituent fibrils occured (Figure 17).
Sections of residual chromestock pieces after extraction 
demonstrated erosion of and voids on the individual fibers 
(Figure 18). When irradiation of chromestock reached
7levels of 10 rads, individual fibers seemed to fuse 
together and lose boundary sharpness (Figure 19).
Electron Dispersive System Surveying Elements in Micro- 
Areas
The basic purpose of this survey was to identify 
elements present in relatively high concentrations in 
certain microareas of chromestock samples through X-ray 
spectra (Figure 20). The microprobe attached to a Multi­
channel Analyzer EDS gave X-ray counts proportional to 
quantities of the individual as well as the total number 
of major elements in the sample. Measured within a time 
span of 200 seconds and at an image-magnification of 600X, 
measurements on chromium contents in various samples were 
obtained in terms of X-ray counts. Aluminum and sulfur 
were present in all samples analyzed. Decreases in chrom­
ium contents were observed following treatments with 
Rochelle salt and sulfuric acid (Figures 22, 23). Samples 
of chromestock treated with Ca(OH)2 had high amounts of 
Ca present in the sample, despite washing (Figure 21). 
Therefore, it became more apparent that chromium did not
103
become as tenaciously attached to the fiber network as 
did aluminum, sulfur and calcium. This might Imply basic 
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Figure 20. X-ray Spectra of a Selected Fiber-microsection 









Figure 21. X-ray Spectra of a Selected Flber-micro- 
section of Chromestock Sample Receiving 
Ca (OH)2 Treatment.
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O p e r a t i n g  P a r a m e t e r s
25 Kev 
600 XTotal X-ray Counts = 305,000.
A1
Cr
Figure 22. X-ray Spectra of a Selected Fiber-microsection 






Total X-ray Counts = 295,000.
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Cr
Figure 23. X-ray Spectra of a Selected Fiber-mlcrosectioni
of Chromestock Sample Treated with H2S04 .
SUMMARY AND CONCLUSIONS
Over 200 million pounds of chrome-splits, chrome- 
trimming s and chrome-shavings are estimated to be produced 
annually but no industry thus far has been able to eco­
nomically utilize them. This project was designed to 
develop processes that may enhance yields of extraction 
products from these by-products, collectively termed as 
chromestock. The project involved the following segments.
A. Establishing a modified laboratory method to 
simulate existing practices of industrial extraction of 
chromestock.
B. Use of specific reagents to effect extensive de- 
chroming and thereby effect a more efficient extraction,
C. Evaluation of the effects of changing parameters 
of existing extraction processes.
D. Use of low and high pressures and combinations 
thereof in extraction.
E. Gamma-irradiation of chromestock.
F. Scanning electron microscopy of the treated 
samples to obtain a visual account of the effects caused 
by these reagents.
The results of the investigation may be summarized 
individually.
(1) Using laboratory apparatuses such as water-baths
with agitating platform and reliable temperature controls,
108
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a high speed centrifuge and Kjeldahl apparatus, it was 
possible to carry out chromestock extractions with 
reproducible results. Samples were always shredded and 
mixed thoroughly to draw representative lots for use in 
extractions. Development of a "conversion factor" 
facilitated estimation of dried yields without having to 
perform time consuming concentration and final drying steps. 
A factor of 14 5 mg/gm was worked out and used throughout 
to convert the total extracted Kjeldahl nitrogen (milli­
grams) into grams of the moisture and ash-free yield from 
any given chromestock sample.
(2) Dechroming effects of 8 reagents were evaluated 
on chromestock and it was determined that Rochelle Balt, 
oxalic acid, sodium hydroxide and disodium EDTA were the 
most effective among those tried. A level of 85-87% 
dechroming was obtained in certain experimental situations. 
With partly dechromed chromestock it was possible to 
increase yields of nitrogenous extracts by 25-35%. Al­
though acids were not very quick in effecting dechroming,
a 48-hour exposure with 3.5 N HC1 prior to regular extrac­
tions proved 14-19% more effective.
(3) Such parameters of conventional extraction as 
the length of cooking, temperature of extraction and the 
degree of agitation during extraction proved to be 
effective control variables. When the length of cooking 
time was increased from 4 to 24 hours an increase in yield
110
(12-15%) f o l l o w e d  u p  to 12 h o u r s  a n d  t h e n  t h e  r a t e  of 
i n c r e a s e  d e c l i n e d .  T e m p e r a t u r e s  b e t w e e n  170°F to 210*F w e r e  
U B e d  for e x t r a c t i o n  a n d  y i e l d s  i n c r e a s e d  b y  a b o u t  28% a t  
210*F w h e n  c o m p a r e d  to y i e l d s  o b t a i n e d  a t  170*F. S imilarly, 
i n c r e a s e s  in a g i t a t i o n  f r o m  0 to 50 c y c l e s / m i n  r e s u l t e d  in 
a s u b s e q u e n t  i n c r e a s e  o f  13-14% in yield.
(4) Use of high pressure cooking resulted in 10-25% 
decrease in yield at 245-250*F but an increase in yield 
was noted when extractions were carried out under reduced 
pressure. However, a combination of pressure cooking and 
vacuum-extraction seemed to be most encouraging, since the 
results were 14-39% greater than the Base Process.
(5) Different dose-levels of gamma irradiation were 
administered to chromestock, but doses in the range of
10*-10^ rads proved ineffective in enhancing yields. Doses
6 7in the order of 10 -10 were effective, but adversely. 
Irradiation of wet samples at all dose levels was more 
detrimental to extraction efficiencies than of the rela­
tively drier samples, possibly because of increased levels 
of secondary crosslinkages in wet samples.
(6) Scanning Electron Micrographs of variously 
treated chromestock showed that alkalies and acids at 
certain concentrations cause swelling which facilitates 
subsequent extraction. Samples treated with high 
radiation doses showed fibrils with diffused boundaries.
An EDS microprobe interphased with the SEM provided 
with the X-ray spectra of the major elements present in
Ill
the sample was used to observe the levels of 
chromium particularly following dechroming treatments.
After an overall assessment of various attempts made 
to enhance the production of extractables from chrome­
stock, it appears that such modifications as increased 
rate of agitation during extraction and an acid-pretreat- 
ment of the raw material prior to liming would be 
advantageous without much radical changes in the existing 
extraction set-ups. Replacement of conventional cooking 
kettles with devices for pressure-cooking followed by 
vacuum extraction seem to hold promise for an efficient 
extraction and, therefore, deserve consideration. However, 
renewed efforts have to be made to decrease the amounts of 
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Developing a Conversion-Factor for Estimation of Dried 
Collagenous products from Liquid Extract
Due to numerous variables, a large number of samples 
were extracted. Each extract was concentrated, dried and 
checked for moisture and ash contents of the resulting 
product in order to calculate yield of collagenous pro­
ducts. For this reason a suitable conversion factor to 
convert milligrams of nitrogen in the extract to grams 
of moisture and ash-free nitrogenous yield, was developed 
by determining total nitrogen, moisture and ash contents 
in the finished products. Commercial glue samples as well 
as samples extracted in the laboratory were used to deter­
mine this factor. As a result of a total of 30 trials, a 
conversion factor of 145 was established, which when divided 
into the amount of the total extracted nitrogen (in milli­
grams) from chromestock sample would give the value of the 
moicture- and ash-free product extraction in grams (Table 
la) .
Utilization of Residual Chromestock
Two main avenues were found for some useful disposal 
of the residual chromestock for extraction. Due to cooking, 
the pieces of leather became more pliable and could be 
easily ground into pulp. From a homogenous and manageable 
pulp, following experiments were formed—
(1) The pulp was drum-dried and subsequently crushed 
in the powder form. Such a dried leather-powder
Table la. Development of a Conversion Factor to Estimate Amount of Moisture and Ash-Free 








































Prepared *1 1.00 115 + 5.2 0.121 + 0.006 0.085 + 0.003 0.794 145
in *2 3.00 336 + 11.6 0.429 + 0.013 0.261 + 0.008 2.320 145
Laboratory #3 4.00 459 + 23.1 0.552 + 0.031 0.280 + 0.007 3.168 145
#4 6.00 715 + 34.0 0.696 + 0.038 0.366 + 0.011 4.938 145
*5 8.00 921 + 51.3 1.024 + 0.049 0.560 + 0.026 6.416 144
#1 1.00 119 + 3.8 0.135 + 0.009 0.042 + 0.001 0.823 145Peter #2 3.00 359 + 21.4 0.354 + 0.013 0.153 + 0.006 2.493 145Cooper
4  t  - #3 4.00 474 + 27.2 0.564 + 0.039 0.164 + 0.006 3.272 145Supplies #4 6.00 727 + 24.5 0.726 + 0.033 0.237 + 0.007 5.037 144
#5 8.00 989 + 63.7 0.896 + 0.041 0.336 + 0.012 6.768 146
*Average of triplicate samples.
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may find use as soil-conditioner, according to 
some preliminary testing. More extensive 
agronomical testing would be desirable before 
application because of the high chromium content 
in such a product.
(2) The residual chromestock was pulped with 1*2% 
sodium hydroxide and blended in amounts of 30- 
40% with paper pulp, and dried on a drum-dryer.
The mixed pulp was found suitable for drying and 
the resulting dried thin sheet resembled with 
paper. Proper bleaching and incorporation of 
appropriate filling and bonding materials may 
enhance its potency for use as a source of fiber- 
material in the paper industry.
Microbial Degradation of Treated Chromestock
To assess the effects of various levels of liming and 
different incubation temperatures, samples in 100-gm 
portions were incubated for 12 weeks after proper treat­
ments. Using controls, growth in bacterial populations and 
change in levels of solubilized nitrogen in the treated 
samples were monitored. Results are tabulated in Table Ila. 
Magnesite treated samples allowed the growth of microflora 
which solubilized chromestock— nitrogen in increasing 
proportions as the percentage of magnesite and the length 
of incubation increased. Chromium bound with the chrome-
Table IZa. Comparison of Microbial Populations and Amounts of Solubilized Nitrogen 













in 10 gm clear Liquid
Room ATemperature 0.0 gm (control) 8x10 6.3 + 1.53
0.5 gm 1.2x10I 12.3 + 2.08
1.0 gm 1.5x10e 20.0 + 2.00
1.5 gm 2.6x10 j? 27.7 + 3.06
2.0 gm 3.1x10* 55.7 + 2.52
2.5 gm 4.9xl05 42.6 + 2.08
0.0 gm 1.7x10;! 9.6 + 1.53
0.5 gm 2.1x10;? 28.3 + 2.52
1.0 gm 5.6x10 j? 49.7 + 3.06
1.5 gm 6.4x10;? 69.3 + 3.51
2.0 gm 9.8x10* 84.0 + 4.0
2.5 gm 1.2x10® 100.0 + 2.35
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stock seems to render It Inhibitory to the action of 
microorganisms. However, when bound chromium is pre­
cipitated as insoluble salt, chromestock presumably 
presents a less toxic environment for microbial growth.
Figure 1 a. (i) Proteinaceous Extract from Sample of Chromestock and (ii) Product 
Obtained after Drying Under Vacuum.
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